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ABSTRACT 
Evaluation shows the effectiveness of teaching and learning of a class. Mostly teachers provide 
evaluation in low cognitive level so students are able to achieve the minimum passing grade. 
Whereas a good evaluation should use Bloom’s Taxonomy as a basis for classifying student’s 
cognitive level. It leads teacher to provide a learning that facilitates student’s achievement of 
high cognitive level, including using independent lab work module. Teachers also typically 
provide a global report evaluation, i.e. providing the final score only, without presenting the 
distribution of students’ cognitive level. For this purpose, Venn Diagram is used to show the 
distribution of students’ cognitive level based on Bloom Taxonomy. This research aimed to 
present the distribution of students’ Bloom cognitive level using Venn Diagram and to 
investigate whether the development of independent lab work module about light refraction 
using PhET simulation “Bending Light“ can make students achieve the cognitive levels of 
knowing, understanding, applying, and analyzing. The obtained data was analyzed using 
qualitative descriptive method. The respondents were 17 freshmen of Physics Education and 
Physics Students of UKSW Batch 2016. The post-test showed that all students achieved higher 
cognitive levels. Thus, the developed independent lab work module was able to improve 
students’ cognitive level. Venn Diagram could also simplify the presentation of the distribution 
of students’ Bloom cognitive level for teachers. 
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1. Introduction 
 
Learning evaluation provides learning feedback for students and teachers in order to know the 
effectiveness of learning in the classroom. In fact, generally the results of physics learning 
evaluation is lower than other subjects, both for high school and college levels Azar (2005). It often 
causes teachers make lower cognitive levels of evaluation in order to let all students achieves good 
grades and beyond the Minimum Criteria for Completion, although the evaluation process should 
have been based on taxonomy as a standard of the problems so that the actual learning success 
can be observed Sutiadi & Kurniawati (2015). 
 
Other thing is that generally teachers provide global evaluation report, i.e, presenting the final 
scores only, without the cognitive level of students Maghfiroh et al. (2013), as well as in the 
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evaluation questions. In order for teachers and students to know the extent of the cognitive level 
that has been achieved by students in learning, it is necessary to find a way of presenting the 
evaluation of learning that can show the cognitive level of students. Astuti (2016) made a research 
about an instrument to presenting Bloom’s cognitive levels of students after taking an evaluation 
so that the distribution of students’ cognitive level achievement in a class is easier to be read and 
analyzed. Venn Diagrams can provide a clear picture for teachers and students about students' 
cognitive levels achievement in teaching and learning activities. 
 
Consequently, learning that can facilitate students in increasing their cognitive abilities to higher 
levels and achieving learning indicators is needed. Such a learning might not only be presented in 
the form of class meeting Rosmalinda et al. (2013), but also by independent lab activities. Students 
can learn and find a concept through lab activities out of the regular class meetings. Students do a 
series of scientific activities known as the science process skills to solve the problems during the lab 
activites. According to Rezka (2007), scientific process skills consist of basic skills and integrated 
skills. In addition, physics learning should make students think critically and develop cognitive 
thinking skills Agustihana (2015). Stages or levels of thinking (cognitive) of students have been 
presented in Bloom's Taxonomy. Based on Blooms Taxonomy, the cognitive domain consists of six 
levels of the cognitive differences, i.e. remembering, understanding, applying, analyzing, 
evaluating, and creating (Clark, 2015; Atherton, 2013). Therefore, Bloom Taxonomy is used as the 
basis for the learning indicators and learning evaluation.  
 
Lab activities (practicum) usually done in the laboratory, but it is often constrained by the limited 
available laboratory equipments to the number of students, the limited time of laboratory using, 
and the risk of laboratory equipments’ damage. This can be solved by using the animations or 
simulations. Recently there are many applications or animations are created to simulate the lab 
activities. With those simulations, many problems can be solved. Simulations can be used 
anywhere, anytime, and repeatedly (Wijaya, 2017). One of the physics simulations can be used is 
PhET (Physics Education Technology) (Perkins et al., 2006). Dinavalentine (2016) has made an 
independent lab work module about light refraction using PhET simulation "Bending Light". From 
her research, it is concluded that the independent lab work module of light refraction using PhET 
simulation "Bending Light" can help students to understand light refraction deeper and easier by 
doing independent lab work out of class meeting. 
 
The independent lab work module about light refraction using PhET simulation "Bending Light" 
created by Dinavalentine (2016) only covers the cognitive levels of knowing and understanding 
(Dinavalentine, 2016). Therefore, in this study, the independent lab work module development 
about light refraction using the PhET "Bending Light" simulation is developed to cover the cognitive 
levels of applying and analyzing. This development is made in order to investigate its effectiveness 
on making students achieve higher cognitive levels. 
 
This research aimed to present the distribution of students’ Bloom cognitive levels using Venn 
Diagram and to investigate whether the development of independent lab work module about light 
refraction using PhET simulation “Bending Light“ can make students achieve the cognitive levels of 
knowing, understanding, applying, and analyzing. The benefits of this research are to provide such 
a way of presenting information and analyzing students' cognitive levels by using Venn Diagram 
based on the evaluation result. 
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2. Materials and Methods 
 
2.1 Bloom’s Taxonomy and Venn Diagram 
 
According to Bloom (1965), there are six levels of cognitive aspect ranging from the lowest : 
knowing (C1), understanding (C2), applicating (C3), analyzing (C4), synthesizing (C5), and evaluating 
(C6) (Atherton, 2013). Then Bloom’s Taxonomy was revised becomes remembering (C1), 
understanding (C2), applying (C3), analyzing (C4), evaluating (C5), and creating (C6) (Atherton, 
2013). The cognitive aspect shows a sequence of thinking skills according to the intended purpose. 
The thinking process describes the thinking stage that must be mastered by students to be able to 
apply the theories into everyday life. The levels of cognitive aspect can be described in a pyramid 
form as shown in Figure 1. The first three  levels (at the bottom of the pyramid) are the Lower Order 
Thinking Skills (LOTS), while the next three levels are Higher Order Thinking Skills (HOTS). 
 
Figure 1. Bloom cognitive aspect pyramid. 
 
In 1880, for the first time, John Venn who was an British mathematician introduced Venn Diagram 
to show the concept of set of theory in mathematics (Pirooznia, 2007). Venn Diagram is a diagram 
that present all possible logical relationships and hypothesis of a set of objects. The shape of the 
Venn Diagram is a rectangular box with some circles inside it. The circles represent the set and the 
rectangular box represents the universe of the set. The set is a collection of objects or objects that 
can be clearly defined and exist in one unity (have certain similarities), while the universe is a union 
containing the sets. From the Venn Diagram, the relationship between two or more sets or items 
or objects can be seen (Astuti et al., 2016). 
  
The Venn Diagram can be used to present the distribution of students’ cognitive levels (Astuti et 
al., 2016). The sets in the Venn Diagram can be grouped into sets of knowing (C1), understanding 
(C2), applying (C3), and analyzing (C4). The relationship is presented with a congruent overlapping 
region of the two or more circles called slice (Astuti et al., 2016). The distribution of Bloom cognitive 
levels in a class can be seen in the Venn diagram. If a student is in a particular circle (one circle), it 
means the student is at one cognitive level only. If a student is in a slice of two particular circles, it 
means the student achieves two cognitive levels. If a student is in a slice of three particular circles, 
it means the student achieves three cognitive levels. Furthermore, if a student is in a slice of four 
particular circles, it means the student achieves four cognitive levels : knowing (C1), understanding 
(C2), applying (C3), and analyzing (C4) – the highest achievement in this research (Astuti et al., 
2016). 
 
In order to present the distribution of Bloom cognitive levels of students to be analyzed easily, Venn 
Diagram is used to present it as shown at Figure 2. The focus of this study is the the slices () in the 
Venn Diagram that show the relationship of the four Bloom cognitive levels. 
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Figure 2. The venn diagram of four bloom cognitive levels. 
 
2.2 Research Methods 
 
The descriptive research method was used in this study. The respondents of this study were 17 
freshmen of Physics and Physics Education UKSW (Batch 2016). The independent lab work module 
about light refraction using PhET simulation of "Bending Light" made by Dinavalentine (2016) that 
was developed to four cognitive levels (knowing, understanding, applying, and analyzing), pre-test, 
post-test, observation sheets, and questionnaire were used as research instruments. 
 
In this research, the learning objectives were determined first. Then the independent lab work 
module about light refraction using PhET simulation “Bending Light” made by Dinavalentine (2016) 
was developed from two cognitive levels (knowing and understanding) to four cognitive levels 
(knowing, understanding, applying, and analyzing) of Bloom Taxonomy. The pre-test, post-test, 
observation sheet, and questionnaire was made then.  
 
Data gathering started by giving pre-test to the respondents. There were 20 multiple choice 
questions covering four targeted cognitive levels, i.e. the levels of knowing, understanding, 
applying, and analyzing. There were 5 questions of knowing (C1) cognitive level, 4 questions of 
understanding (C2) cognitive level, 5 questions of cognitive level applying (C3) cognitive level, and 
6 questions of analyzing (C4) cognitive level. After that, the respondents did the independent lab 
work using PhET simulation “Bending Light” guided by the developed module out of class meeting. 
During the lab work, observer observed the students and filled out the observation sheet. Finally 
post-test and questionnaire were given to the students after the lab work done. The number of 
post-test questions was equal to the number of pre-test questions. Questionnaire was used to 
record students' responses to the developed independent lab work using PhET simulation “Bending 
Light” in helping them learnt light refraction. 
 
The independent lab work module was used as a self-learning. The students were assigned to do 
many experiments using PhET simulation, then filled in every question was asked in it. The students 
run the simulation, collected and analyzed the data until they found the concepts about light 
refraction. There were guidance questions to ease students worked on independent lab work. In 
the consolidation section, there are questions of the dribblers used to analyze the experimental 
results and to draw conclusion. There were also problems that develop students' skills to apply the 
concepts of light refraction and to analyze a circumstance based on the concepts of light refraction. 
The independent learning using the module accommodated any criticism and suggestion from 
respondents for the further module improvement. 
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Each option in both the pre-test and the post-test questions was made in such a way to 
accommodate all possible answers to the students, so that when students work on the problem in 
the wrong way, any student will still get the answer to the available options in the questions. If the 
student did not have the correct concepts, the student would have difficulties in answering the 
problems.  
 
All data obtained from the pre-test, post-test, observation sheet, and questionnaire were analyzed 
descriptively qualitatively. The pre-test result was used to see the distribution of students’ cognitive 
level before the independent lab work done; while the post-test result was used to see it after the 
independent lab work done. The results of pre-test and post-test were presented in Venn Diagram 
for easier analysis of cognitive levels distribution. 
 
3. Results and Discussion 
 
In the independent lab work about light refraction using PhET simulation “Bending Light”, there 
were 3 targeted learning objectives, i.e. (1) to explain Snell's Law for light refraction, (2) to 
investigate total internal reflection, and (3) to investigate the factors that affect the speed of light. 
 
In this study, only the evaluation results are reported. The result of the pre-test given to the 
students before the independent lab work shown in Table 1 informs the initial distribution of 
students’ cognitive level before the learning activities. The result of the post-test given to the 
students after the independent lab work shown in Table 2 informs the final distribution of students’ 
cognitive level after the learning activities. In both Table 1 and Table 2, a student was grouped on 
a particular cognitive level if he can answer correctly at least 70% of questions of each cognitive 
level. 
 
Table 1. Pre-test result. 
Cognitive Level C1 C2 C3 C4 Bloom's 
Cognitive Level 
Achievement 
Full Point (%)  5 100% 4 100% 5 100% 6 100% 
Student         
A 2 40 2 50 1 20 1 17 - 
B 1 20 2 50 1 20 1 17 - 
C 2 40 0 0 0 0 0 0 - 
D 3 60 2 50 0 0 0 0 - 
E 1 20 3 75 2 40 2 33 C2 
F 3 60 3 75 3 60 2 33 C2 
G 0 0 3 75 0 0 1 17 C2 
H 1 20 1 25 1 20 1 17 - 
I 2 40 2 50 1 20 2 33 - 
J 2 40 2 50 0 0 2 33 - 
K 4 80 3 75 4 80 2 33 C1+C2+C3 
L 3 60 2 50 2 40 0 0 - 
M 1 20 2 50 1 20 0 0 - 
N 1 20 1 25 2 40 0 0 - 
O 0 0 0 0 1 20 0 0 - 
P 1 20 1 25 0 0 1 17 - 
Q 1 20 1 25 0 0 0 0 - 
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Table 2. Post-test result. 
Cognitive Level C1 C2 C3 C4 Bloom's 
Cognitive Level 
Achievement 
Full Point (%) 5 100% 4 100% 5 100% 6 100% 
Student         
A 5 100 4 100 5 100 0 0 C1+C2+C3 
B 5 100 4 100 5 100 0 0 C1+C2+C3 
C 5 100 4 100 3 60 4 67 C1+C2 
D 5 100 4 100 4 80 3 50 C1+C2+C3 
E 4 80 3 75 5 100 5 83 C1+C2+C3+C4 
F 5 100 3 75 4 80 5 83 C1+C2+C3+C4 
G 5 100 4 100 5 100 0 0 C1+C2+C3 
H 5 100 3 75 2 40 4 67 C1+C2 
I 5 100 4 100 2 40 5 83 C1+C2+C4 
J 5 100 4 100 3 60 4 67 C1+C2 
K 5 100 3 75 4 80 5 83 C1+C2+C3+C4 
L 5 100 4 100 3 60 4 67 C1+C2 
M 5 100 2 50 3 60 4 67 C1 
N 5 100 4 100 3 60 2 33 C1+C2 
O 5 100 4 100 0 0 0 0 C1+C2 
P 5 100 4 100 5 100 1 17 C1+C2+C3 
Q 5 100 1 25 4 80 4 67 C1+C3 
 
Based on Table 1 and Table 2, Venn Diagrams for the pre-test and post-test results are shown in 
Figure 3 and Figure 4, while the percentage distribution of Bloom cognitive levels of students before 
and after learning is shown in Figure 5 and Figure 6. 
 
 
Figure 3. Venn Diagram of the pre-test result 
presents the distribution of students’ 
cognitive level before learning activity. 
 
Figure 4. Venn Diagram of the post-test result 
presents the distribution of students’ 
cognitive level after learning activity. 
 
Based on the pre-test result from 17 respondents as shown in Figure 3 and Figure 5, initially before 
the independent lab work, there were only 3 students (17,7%) who were able to achieve cognitive 
level of understanding (C2) and 1 student (5,9%) who was able to achive cognitive levels of knowing, 
understanding, and applying (C1+C2+C3); while the other 13 students (76.4%) were out of the 
circles, meaning they were not able to reach any cognitive level yet. An interview with the students 
after pre-test shows that generally the students did not really understand the difference of light 
refraction and light reflection when those were applied in daily life. Mostly their incorrect answers 
told that they did not understand the concept of light refraction, the relationship between the angle 
of reflection and angle of refraction, the use of Snell's Law, and the concept of perfect reflection. 
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Thus, before the implementation of the independent lab work, there are only 4 students (23.6%) 
who are able to achieve Bloom’s cognitive levels. An effective learning is needed to make students 
achieve higher cognitive levels. 
 
 
Figure 5. Pie diagram of percentage pre-test result.  Figure 6. Pie diagram of percentage post-test 
result. 
 
After conducting the independent lab work using simulation and module, students were given post-
test questions. Based on the result of the post-test shown in Figure 4 and Figure 6, 3 out of 17 
students (17,6%) were in middle slice; it shows that 3 students are able to achieve four cognitive 
levels. Initially two of them were only able to achieve the cognitive level of understanding (C2) and 
one was at the cognitive levels of knowing, understanding, and applying (C1+C2+C3). There was 1 
student (5.9%) in the cognitive level of knowing (C1); he was previously out of the circles which 
means that he did not achieve any cognitive level yet. At the cognitive levels of knowing, 
understanding, and applying (C1+C2+C3), there were 5 students (29.4%); four of them were out of 
the circles and one of them was at cognitive level of understanding (C2). At the cognitive levels of 
knowing, understanding, and analyzing (C1+C2+C4), there was 1 student (5.9%) who was initially 
out of the circles. At the cognitive levels of knowing and understanding (C1+C2), there were 6 
students (35.3%) who are initially out of the circles. At the cognitive levels of knowing and applying 
(C1+C3), there was 1 student (5.9%) who was initially out of the circles. There were no students at 
cognitive level of C2, C3, C4, C1+C3+C4, C2+C3+C4, C2+C4, and C3+C4. The post-test result informs 
that all students (100%) increase their cognitive levels and no student decreases his cognitive levels. 
 
Figure 3 and Figure 4 shows clearly the distribution of Bloom cognitive levels of all students. It 
presents how many students located in each circle or each slice. It makes teachers or students easily 
seen the distribution of cognitive levels of all the class members. It means that Venn Diagram was 
effective to present the distribution of Bloom cognitive levels of students. Based on Figure 5 and 
Figure 6, students who initially did not achieve any cognitive levels, after the independent lab work 
could achieve particular cognitive levels. Students who previously achieve lower cognitive levels 
can finally achieve higher cognitive levels. It means that the developed independent lab work 
module was effective to help students improve their cognitive levels.  
 
Furthermore, in the questionnaire, 89.8% of students said that they felt enthusiastic, interested, 
and assisted by the independent lab work module. The interview with some students also stated 
that they felt helped learning light refraction by the independent lab work module. Students felt 
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involved directly, they found and solved problems that occured in everyday life but were still 
focused on the material discussed in the module, and the PheT simulations also made the students 
did not bore. This reinforces that the independent lab module effective to help students improve 
their cognitive levels. 
 
4. Conclusion and Remarks 
 
Based on the research, it can be concluded that the developed independent lab work module about 
refracting light using PhET simulation "Bending Light" is able to help students achieve higher 
cognitive levels. It can be seen and analyzed easily from the Venn Diagrams that presents the 
distribution of Bloom cognitive levels of students. 
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